Abstract. The authors present a case report of collecting duct carcinoma (CDC) that responded to nivolumab, a programmed death 1 (PD-1) immune-checkpoint-inhibitor antibody, following the failure of systemic treatment with chemotherapy and targeted therapy. The patient underwent right radical nephrectomy and segmentectomy of the lung following chemotherapy. Fifteen months following the first surgery, segmentectomy and subsequent second-line chemotherapy were performed for recurrence in the lung. Targeted therapy with temsirolimus for recurrence of the lung and lymph node metastases was ultimately used for 30 months. However, the temsirolimus treatment failed to suppress the growth of metastatic lesions. Nivolumab resulted in complete response of the lung metastasis, and it stabilized the lymph node metastasis. PD-L1 was highly expressed in both primary tumor and the metastatic regions. Therapy with nivolumab is ongoing. These findings suggest that treatment with nivolumab may be considered for metastatic and treatment-failure CDC.
Introduction
Collecting duct carcinoma (CDC) is a rare variant subtype of renal cell carcinoma (RCC) known to originate in the distal collecting duct and to have an extremely poor prognosis, which is reported to be due to limited success with chemotherapy and targeted therapy (1, 2) .
Programmed death 1 (PD-1) is a receptor expressed on activated T cells and binds to its ligands PD-L1 and PD-L2, which are present on antigen-presenting cells and tumor cells. PD-1 inhibitor blocks the interaction of PD-1 and its ligands and eventually restores antitumor immunity. Nivolumab improves overall survival in several cancers including RCC (3, 4) . It was reported that the expression of PD-L1 correlates with the effect of nivolumab in metastatic melanoma and some types of lung cancer, but the correlation is unclear in clear cell RCC (3) (4) (5) . Although nivolumab improved overall survival of patients with antiangiogenic treatment-relapsed RCC with a clear-cell component compared with everolimus, the usefulness of nivolumab for CDC is unclear.
In the present study, we report a case showing a favorable response to nivolumab in metastatic CDC. We also show the expression of PD-L1 in surgical specimens.
Case report
A 64-year-old man with a past history of papillary adenocarcinoma of thyroid cancer presented with bilateral lung tumors that were detected incidentally on positron emission tomography/computed tomography (PET/CT) for systemic evaluation of post-treatment thyroid cancer. PET/CT also revealed a right renal mass. A dynamic contrast-enhanced CT scan suggested that the renal tumor mass may be a metastatic renal tumor or non-clear RCC (Fig. 1) . The patient underwent a core biopsy of the renal mass, and histological examination of the specimen was interpreted as carcinoma of renal origin. The patient had also undergone laparoscopic right radical nephrectomy and video-assisted thoracoscopic segmentectomy of the right lung at the same time. The left lung tumor was not resected because it was too small to conclude that it was metastasis, and it was followed with careful watching. Pathology diagnosed the renal tumor and resected lung tumor to be CDC and metastasis of CDC, respectively. Subsequently, four courses of chemotherapy with a combination of gemcitabine and cisplatin or carboplatin were administered as adjuvant therapy (Fig. 2) .
Fifteen months after the first surgery, a follow-up CT scan showed that the left lung mass had increased in size. Video-assisted thoracoscopic segmentectomy of the left lung was performed, and this tumor was also diagnosed as metastasis of CDC. Pathology also revealed a small metastasis in the specimen of left lung; therefore, second-line chemotherapy with a combination of gemcitabine and paclitaxel was administered to the patient. A follow-up CT scan showed incidences of mediastinal lymph node and lung metastasis. The patient was treated with temsirolimus, and the metastasis remained at the same size for 30 months. However, a follow-up CT scan indicated increased size of the lung and lymph node metastases. The patient was then deemed a candidate for immune checkpoint inhibitor therapy with nivolumab. Six months after the treatment with nivolumab, a CT scan showed complete response of the lung metastasis and stable disease of the lymph node metastasis (Fig. 3) . The therapy with nivolumab is ongoing with no adverse events. To the best of our knowledge, there are no reported studies of immune checkpoint inhibitor therapy and PD-L1 expression in CDC. We elucidated the expression of PD-L1 by immunohistochemistry using anti-PD-L1 (clone 28-8) antibody. As shown in Fig. 4 , PD-L1 was highly expressed in all the surgical specimens (primary renal collecting duct carcinoma, first lung metastasis and second lung metastasis).
Written informed consent was obtained from the patient. The study was approved by the Ethics Committee of Gifu University, Graduate School of Medicine (approval no. 29-303).
Discussion
Rimar et al reported that nivolumab induced a clinical response to metastatic CDC without evaluating PD-1 or PD-L1 expression (6) . To the best of our knowledge, the present report is the first to show that nivolumab induces a clinical response in metastatic CDC with evaluation of PD-L1 expression in surgical specimens.
Although it is not clear whether PD-L1 expression in surgical specimens is a predictive biomarker, some researchers have interpreted a high level of PD-L1 expression as possibly correlating with the effect of anti-PD-1/PD-L1 antibodies in several types of cancer (7) . In a study on advanced RCC treated with nivolumab or everolimus, the median overall survival was 21.8 months in patients with >1% PD-L1 expression and 27.4 months in patients with <1% PD-L1 expression in the nivolumab group (4) . Although the expression level of PD-L1 and its role in cancer prognosis remain to be elucidated, previous findings have shown that PD-L1 expression may vary in cancer types, and a high expression of PD-L1 is associated with poor clinical outcomes including that from clear cell RCC (8) (9) (10) . On the basis of the mechanism of immune checkpoint inhibitor therapy, nivolumab to contribute to the improvement of clinical outcome in cancer that is exacerbated by the increased expression of PD-L1. The findings in the present case indicate to us that a high expression of PD-L1 in lung metastasis of CDC to contribute to a favorable clinical response to nivolumab. Further studies may demonstrate the effect of nivolumab on CDC and the correlation of PD-L1 expression with its benefit for CDC are anticipated.
